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Abstract
Objective—To determine race and gender differences in phenotypes (patterns) of multiple joint
symptomatic osteoarthritis (sOA) involvement.
Methods—We performed a cross-sectional analysis of sOA phenotypes in a community-based
cohort, for those with sOA data for the hands, knees, hips, and lumbosacral spine (LS) collected at
a single visit (2003–10). Mutually exclusive phenotypes describing all combinations of these 4
sites were compared using Fisher exact tests. For phenotypes occurring in more than 40 persons,
logistic regression adjusted for race, gender, age, and body mass index (BMI) was performed and
interactions by race and gender were assessed.
Results—The sample included 1650 participants, 36% men, 32% African American, with a
mean age of 66 years and BMI 31 kg/m2. Overall, 13% had hand, 25% knee, 11% hip, and 28%
had LS sOA. African Americans compared with Caucasians were less likely to have Hand Only or
in some combination, but more likely to have Knee Only. Men compared to women were less
likely to have Hand Only, but more likely to have LS Only.
Conclusions—There are differences in phenotypes of multiple joint sOA involvement by race
and gender that may influence definitions of multiple joint, or “generalized” OA.
Although multiple joint sites are often involved in osteoarthritis (OA) (1–4), there is no
accepted definition of “generalized OA.” We have identified differences by race in
phenotypes of radiographic OA (rOA) in individual joints: for instance, African Americans
compared with Caucasians have more osteophytes in the knee and hip (5, 6); in addition,
African Americans have different patterns of multiple joint rOA including more knee and
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less hand rOA compared with Caucasians (4). There are also known gender differences for
individual and multiple joint rOA (2, 7). Less is known about symptomatic OA (sOA),
defined as the co-occurrence of joint symptoms (pain, aching, and stiffness) and rOA in a
joint site. Compared with Caucasians, hip or knee sOA in African Americans tends to be of
similar or higher prevalence (8, 9), and women more commonly have isolated hand, hip, or
knee sOA than men (8, 10, 11), but simultaneous, multi-joint phenotypes have not been
assessed. Women and African Americans may suffer greater morbidity from knee sOA (12).
Due to the impact on quality of life, disability, and health care utilization, it is potentially
more important to study sOA than rOA independent of clinical symptoms; given the paucity
of existing data on sOA we have chosen to focus the present analysis on race and gender
differences in sOA phenotypes involving the hands, knees, hips, and lumbosacral spine
(LS).
PATIENTS AND METHODS
This cross-sectional analysis uses data from the Johnston County OA Project (JoCo OA), a
prospective, longitudinal, community-based study of OA ongoing for more than 20 years.
Participants were African American and Caucasian men and women aged 45 years or older,
living in Johnston County, NC, who all signed informed consent (9). For the present
analysis, we used a subset of data from the JoCo OA, collected during 2003–2010, for
participants with complete symptom and radiographic data at 4 joint sites from a single visit
(n=1650). The JoCo OA study has been continuously approved by the Institutional Review
Boards of the University of North Carolina and of the Centers for Disease Control and
Prevention in Atlanta, GA.
SOA was defined as the co-occurrence of both rOA and symptoms (Table 1) in the same
joint site on the same side. All radiographs (supine lateral LS and anteroposterior pelvis,
weight-bearing fixed-flexion posteroanterior [PA] knees, sunrise patellofemoral, and
bilateral PA hands) were read for features of rOA using standard atlases by a single
musculoskeletal radiologist with high reliability as previously described (4). Those
participants reporting a total joint replacement at the hip or knee due to OA were included in
the rOA definition; excluding these individuals did not significantly change the results.
Symptoms were ascertained based on the answer to an interviewer-administered question of
the format “on MOST days, do you have pain, aching, or stiffness in your [right|left] hand,”
asked for 4 sites (hands, knees, hips, LS). Self-reported age, gender, and race were obtained
from interviewer-administered questionnaires. Measurements of height (cm) and weight
(kg), obtained during the clinic examination, were used to calculate body mass index (BMI,
kg/m2).
The unit of analysis is the person. Descriptive statistics were calculated for age, BMI, race,
and gender. Frequencies of sOA were determined using the definitions in Table 1. Sixteen
mutually exclusive phenotypes were constructed that included all possible combinations of
the 4 sOA variables. Fisher exact tests were used to compare frequencies of each phenotype
(versus all others) by race and gender due to small cell sizes. A Hochberg correction (13)
was applied for multiple comparisons. Logistic regression for the explanatory variables of
race and gender (plus their interaction, where significant), with covariate adjustment for age
and BMI, was performed for those phenotypes (as separate dependent variables) affecting at
least 40 persons to allow 10 affected persons per covariate (13). Interactions between race
and gender were considered noteworthy at p<0.2 and stratified analyses were performed
when significant interactions were found.
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Included participants (n=1650) were 36% men and 32% African American, with a mean age
of 66 ± 10 years and mean body mass index [BMI] 31 ± 6 kg/m2. Overall, the frequency of
any sOA by the definitions in Table 1 was as follows: hand 13%, hip 11%, knee 25%, and
LS 28%. Approximately 28% of the sample had sOA at one joint site, 15% had 2 involved
joint sites, 6% had 3 involved joint sites, and 1% had sOA of all four joint sites. Fifty-one
percent of the sample had no sOA at any site; otherwise the most common mutually
exclusive phenotypes were LS Only (12%), Knee Only (10%), Knee/LS (5%) and Hand
Only (4%). Of the 16 mutually exclusive phenotypes defined, 8 (no sOA, Hand Only, Hip
Only, Knee Only, LS Only, Hand/Knee, Hand/LS, and Knee/LS) were found in more than
40 persons and included in logistic analyses.
Race differences
In unadjusted analyses (Table 2, left), African Americans compared with Caucasians were
less likely to have Hand Only or Hand in some combinations; this was statistically
significant for Hand Only (<1% vs. 5%) and Hand/LS (<1% vs. 3%). African Americans
compared with Caucasians were more likely to have Knee Only (14% vs. 8%).
After adjustment for gender, age, and BMI (Table 3), African Americans compared with
Caucasians had 80% lower odds of Hand Only (aOR 0.19, 95% CI [0.08–0.49]), 70% lower
odds of the combination of Hand/Knee (aOR 0.31, 95% CI [0.13–0.76]), and 80% higher
odds of Knee Only (aOR 1.78, 95% CI [1.27–2.50]).
Gender differences
In unadjusted analyses, men were more likely to have no sOA (58% vs. 46%), and were less
likely than women to have Hand in some combinations (Table 2, right). This difference was
statistically significant for Hand/Knee (1% vs. 3%) and Hand/Knee/LS (<1% vs. 3%). After
adjustment for race, age, and BMI, compared with women, men had 50% lower odds of
Hand Only and 70% lower odds of Hand/Knee (Hand Only: aOR 0.50, 95% CI [0.27–0.91];
Hand/Knee: aOR 0.31, 95% CI [0.13–0.75], Table 3), but 50% higher odds of LS Only
(aOR 1.48, 95% CI [1.09–2.01]).
Due to race by gender interactions for three phenotypes, stratified analyses were performed:
No sOA, Hand/LS sOA, and Knee/LS sOA (Table 3, right). Compared to Caucasian women,
Caucasian men and African American men and women had approximately 50% increased
odds (aOR 1.48 to 1.65) of having No sOA in any joint site. In addition, compared with
Caucasian women, African American women had 93% lower odds (aOR 0.07, 95% CI
[0.01–0.51]), and Caucasian men had 73% lower odds (aOR 0.27, 95% CI [0.10–0.70]) of
having the combination of Hand and LS sOA, with no significant difference seen for African
American men. Finally, African American women had nearly twice the odds of having the
combination of Knee and LS sOA compared with Caucasian women (aOR 1.92, 95% CI
[1.12–3.29]), with no significant differences for the men.
DISCUSSION
In this large community-based study of adults both with and without sOA, African
Americans had lower frequencies of Hand Only or Hand in combination with other sites,
and higher frequencies of Knee Only, compared with Caucasians. Men, compared with
women, were less likely to have Hand Only but more likely to have LS Only. These results
are similar to our previous findings using rOA alone (4), where African Americans had less
frequent hand rOA (particularly of the DIPs), but more frequent tibiofemoral joint rOA and
the combination of tibiofemoral and LS rOA. Men were less likely than women to have
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hand rOA, and more likely than women to have the combination of tibiofemoral and LS
rOA (4). These findings suggest that a definition of “generalized OA” may need to be race
and gender specific.
To the best of our knowledge, there are no prior community-based studies (ie., of
participants who were not originally selected for joint pain or OA) that assessed multiple
joint OA phenotypes, defined by both symptom presence and radiographic findings. Relying
on both clinical and radiographic data in selected populations, two studies have provided
detailed estimates of sOA phenotypes. The Genetics , Arthrosis, and Progression (GARP)
study, a familial study of individuals selected based on the presence of sOA, found
combinations of hand/spine (cervical or lumbar), hand/knee, knee/spine, and hip/spine to be
the most common (1). Cushnaghan and Dieppe assessed only limb joints (knees, hands, hips,
ankles, shoulders, elbows, wrists, and feet) and found, in consecutive patients with OA
referred to a rheumatology center, that only 47% had one symptomatic joint site (236/500),
36% had 2 affected sites (the majority were women with knee and hand OA), 13% had 3
affected sites, and <1% had 4+ affected sites (14). Other authors have reported similar
patterns for rOA, but have not assessed symptoms (2, 3, 7). A population-based study using
only ACR clinical criteria found that 72% of 230 adults with OA had a single joint affected,
15% had hand/knee, 6% had hip/knee, 4% had hand/hip/knee, and 3% had hand/hip; spine
was not assessed (15).
The community-based JoCo OA provides a unique opportunity to assess multiple joint sOA
phenotypes in a way that may be generalizable to the community as opposed to a clinic-
based population. We found that LS Only, Knee Only, and LS/Knee were the most common
phenotypes, with significant differences by race and gender; these demographic
characteristics should be taken into account when defining multiple joint, or “generalized”
OA involvement.
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TABLE 1
Definitions of Symptomatic OA*
Joint Site Symptoms† AND Radiographic OA criteria
Hand hand + KL ≥ 2 in at least one DIP AND at least 3 total hand joints
Knee knee + Tibiofemoral joint KL ≥ 2 OR patellofemoral osteophyte ≥2‡ OR TJR§
Hip hip + Hip joint KL ≥ 2 OR TJR§
LS low back + Disc narrowing AND an osteophyte ≥1 at the same level (L1/2-L5/S1)‡
*
Symptomatic OA requires both symptoms and radiographic criteria in the same joint site, on the same side
†
Answered yes to: “on MOST days do you have pain, aching, or stiffness of your ____?”
‡
Osteophyte and disc narrowing graded 0–3 according to the Burnett atlas
§
Joint replacement at knee or hip done for OA per participant report
KL=Kellgren Lawrence grade, DIP=Distal Interphalangeal joint, LS=Lumbosacral Spine, TJR=Total Joint Replacement
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TABLE 3
Adjusted* Odds Ratios (and 95% Confidence Intervals) for Frequencies of Symptomatic OA Phenotypes by
Race and by Gender (n=1650).
Symptomatic OA Phenotype† n aOR (95% CI) for AA vs
White
aOR (95% CI) for Men vs
Women
Race and Gender stratified‡
No sOA 836 -- --
White women: 1.0 (referent)
White men: 1.65 (1.28, 2.13)
AA women: 1.57 (1.19, 2.07)
AA men: 1.48 (1.05, 2.09)
Hand Only 64 0.19 (0.08, 0.49) 0.50 (0.27, 0.91) --
Hip Only 45 0.77 (0.39, 1.51) 1.38 (0.75, 2.51) --
Knee Only 162 1.78 (1.27, 2.50) 0.85 (0.59, 1.22) --
LS Only 195 0.90 (0.65, 1.25) 1.48 (1.09, 2.01) --
Hand/Knee 42 0.31 (0.13, 0.76) 0.31 (0.13, 0.75) --
Hand/LS 42 -- --
White women: 1.0 (referent)
White men: 0.27 (0.10, 0.70)
AA women: 0.07 (0.01, 0.51)
AA men: 0.41 (0.12, 1.37)
Knee/LS 88 -- --
White women: 1.0 (referent)
White men: 1.23 (0.69, 2.20)
AA women: 1.92 (1.12, 3.29)
AA men: 1.18 (0.52, 2.64
*
Adjusted for race, gender, age, and body mass index, only for those phenotypes affecting at least 40 persons
†
Mutually exclusive, referent is all other phenotypes
‡
Stratified by race and gender due to a significant (<0.2) race*gender interaction term: for no sOA p=0.02, for Hand/LS p=0.02, and for knee/LS
p=0.17
BOLD indicates statistically significant results (aOR does not cross 1.0)
aOR=adjusted odds ratio, CI=confidence interval, AA=African American, LS=Lumbosacral Spine
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